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. ABSTRACT

Deep space telemetry is and will remain signal-to-noise limited and
vulnerable to interference. We do all we can to increase received
signal power and decrease noise. This includes going to Ka-band (32
GHz down) in the mid-1990's to increase directivity. This is in spite
of the increased difficulty of maintaining surface accuracy, pointing
the spacecraft and ground antennas, and accommodating to weather
uncertainty. The effects of a wet atmosphere can increase the noise
temperature by a factor of 5 or more, even at X-band (8.5GHz down),
but the order of magnitude increase in average data rate obtainable at
Ka-band relative to X-band makes the increased uncertainty a good
trade. The 32GHz frequency is likely to be the highest frequency used
operationally from deep space in the next 15 to 20 years. Lowbit
error probabilities required by data compression are available both
theoretically and practically with coding, at an infinitesimal power
penalty (.05-.2dB) rather than the 10-15dB more power required to
reduce error probabilities without coding. Advances are coming
rapidly in coding, as with the new constraint-length 15 rate 1/4
convolutional code concatenated with the already existing Reed-~Solomon
code to be demonstrated on Galileo. These advances will get NASA
ready for the day when high-compression-ratio telemetry will require
107% to 1072 bit error probability. 1In addition, high density
spacecraft data storage will allow selective retransmissions, even
from the edge of the Solar System, to overcome weather effects. 1In
general, deep space communication has been able to operate, and will
continue to operate, closer to theoretical limits than any other form
of communication. These include limits in antenna area and

directivity, system noise temperature, coding efficiency, and
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everything else. The deep space communication links of the mid-90's
and beyond will be compatible with new instruments and compression
algorithms and represent a sensible investment in an overall end-to-

end information system design.
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